XKypHan BknioueH B nepeyeHb NEPUOANHECKMX
HAy4HBIX W3AQHMA, pekoMeHayeMbiit BAK
MuHo6pasosanus Poccun pns ny6nukaumm
Hay4HbIX PABOT, OTPAXKAIOLMX OCHOBHOE HAy4HOE
coflepXaHWe KAHAMBATCKUX M AOKTOPCKUX
nYccepTaumi.

Yupeputens
OO0 "Usnarensckmii som Meya Mabnuwep"

[maBHLIM pepakTop
TuxenHckuin Banepuin Oneroeuy

WUaparens
Heimkosa Ceetnava CepreesHa

ds@media-publisher.ru

PepakunoHHas konnerus

Anxemoe Aptém Cepreesuy
(m.7.H., npopeccop MTYCH), Poccus
Byraes Anekcangp CrenaHosuy
(akagemmx PAH), Poccus

Bycnaes Anekcangp Masnoeuu
(8.¢p-m.H., npodpeccop MTYCM), Poccus

Baane Anbbeprt

(m.T.H., cTAPLMI HayuHbIA cOTPYAHMK [aHHOBEPCKOTO
yHuBepcuteta um. JlenbHuua Ha kageape
KOMMYHMKALMOHHOM TexHMKH), [epmaris

lonoeayes [Onunyc

(ynpasnsioLyit KoHCynbTaHT
Detecon Intarnational GmBH), [epmatins

Hynkeittc Spuk

(B.T.H., CTAPLW MCRORHUTENbHBIA AMPEKTOP
kopropaumm Detecon), Cunmkorosas gonmka, CLLUA
Enuaapos Anppeit Ans6eprosuy

(p.7.H., nppodpeccop MMIM, HNY BLLI3), Poccus
3yb6apes Opuit bopucosny

(aTH., unen-koppecrioHaeHT PAH,

3acryxeHHbIN aestens Hayku PD), Poccus

KupxreccHep IOpuit
(a.7.H., OupekTop Incotelogyltd.), Benkobprrarms

Kopbetr Poeann

{,ﬂ.T.H., ANPEKTOP Nno UCCnegoBaHUSIM B Hay4HO-
nccnenosarensckom LeHtpe China Mobile Research
Institute, mpogpeccop yHmBepcutera Hasapbaesal,
[on-Konr (Kutasi), CLUA

Kysoskoea TatbsiHa AnekceesHa

(B.3.H, BexaH skoHomudeckoro dakynstera MTYCH), Poccus

Kiopkuan Anekcanap Faspunosuy
(8.¢-M.H., nppogpeccop MTYCH), Poccus

Ceunos LLlaxmapaHx XypcrH6ekoruy
(m.3.H., Mpe3snnert Kasaxckosi akapemmn
mHpokommyHmkauui), Kasaxcrar

CoicoeB Hukonait Hukonaesuu
(8.¢-M.H., AekaH Ppuamyeckoro pakynstera MY
mm. M.B. JTomorocosa), Poccus

LWapn Maiikn

(B.3.H., BMLE-NPE3NTEHT EBPONESCKOro MHCTUTYTA
cranaaptvaaumm — ETSI), Bennkobpmranms
Awuna Mapuna BukroposHa

(a7H., npogpeccop, MTYCH), Poccus

www.media-publisher.ru

\H

COLEPXAHUE

SJIEKTPOHUKA. PAOMOTEXHUKA

Scrpebuosa O.U., Yebbies B.B.
DNeKTPOAMHAMUYECKMIA AHANM3 BOSH,
PACNPOCTPAHSIIOLLMXCS B MHOTOCOMHbIX
CPEenax MUKPOMONOCKOBbIX QHTEHH 3

laiHyTomHoe T.A., Kouepxesckui BT,
lapakmHa HA.

YKkopoUeHHbI HECUMMETPHYHBI

netnesoi eubparop 9

CBA3b

3y6unesuu AJ1., Konechmkos B.A.
Onpegenexue pacTarvBatoLLmMX YCHUIUH,
BO3[EMCTBYIOLLMX HO ONTUYECKMM kabens,
NPY NPOKNAaAKE B 3ALLIMTHBIN
NNACTMACCOBLIN TPY6ONPOBOA 17
MNoptHoe D.J1.

OnpegneneHue BAMsiHMS XPOMATUHECKOM

1 NONSPM3ALMOHHO-MOAOBOM AMCNEPCHM H
O AMCMEPCMOHHOE YLIMPEHUE

NPU JIMHEMHO-YACTOTHOM MOAYNALMM

21

NMHPOPMATUKA
Bannna M.®., Epoxun AT., Pponosa E.A.

NprMeHeH1e MaTEMATUYECKMX MOAENEeM
L5l OLEHKH 3pdeKTUBHOCTM Web-caitTos

25

Skoenee [.A., Cunesa A.C.

MNoctpoeHue BUPTYanu3MpoOBAHHOM
CUCTEMBI PUNBTPALM MOARENbHbIX CETEBbIX
MAKeToB ¢ ucnonb3osaxmem Intel DPDK

w
|o

MATEMATUKA

CmupHosa H.M., Kpeicanos [.B.
MogenuposaHme ycpeaHEHHbIX Mo yrnam
OPMEHTALMM XAPAKTEPUCTUK PACCESHMS
YOCTML, PA3HON FEOMETPUM W PASAMYHBIMM
TPAHUYHBIMM YCIIOBMSIMM

36
Jeapr lO.B., Libim ALIO.
[NonHas Mopenb aMddy3snn MHHOBALMIM
KOK OCHOBG AOSITOCPOYHOTO MPOrHO3a
OMTUMASTbHBIX TEMMOB MX BHEAPEHMS! 41

Bypennn AH., Jlerkoe KE.

CucteMHbIN Noaxon, K GOPMMPOBAHMIO
CTPYKTYpbI NMOACHCTEM MOHUTOPMHIQ
OBTOMATU3MPOBAHHbBIX CUCTEM YNPABNEHHS
MHPOKOMMYHMKALIMSMM

46

Aprtemsesa I.C., Kynukosa KH,,
PezHukora H.IM.

YnpaeneHue HEKOMMEPYECKOH
opraHm3aaumen Ha 6a3e MHPOPMALK
0 €€ LieHHOCTH

51

MYBJIMKALIMA B MOPAOKE OBCYXOEHUS

OsuntHmkos J1.M.

OcobeHHOCTH PaAMOOKALMOHHOTO METOAC
M3MEpPEeHMs CKOPOCTEM M PENsTUBUCTCKOE
NPABMAO CIOXEHMS

57

Bopucosa H.A.

ObecnedeHie AANBHOCTU SNEKTPUYECKOM
TenerpadHo CBsI3N — OT TenerpadHbIx
TPAHCASILMIA K CMYTHAKOM CBSI3H

63

Hasapoe A.H., Hryen CyaH Tuen,

Yan MuHb Xait.

MogenupoBaHue MHGOPMALMOHHBIX aTaK
M OLIEHKM 3CLLMLLEHHOCTM OBBEKTOB pHCKa

69

Hedenos B.H., MamorTos A.B.,
Cumonoe B.M., YeuétknH A A.
MwukpoeonHoebiit MeTon
06paboTtkn BeToHa 79
Kpasuetko H.M., Myxux CB.,

MpecHsikoe C.A., Kacarkun AL

AHANU3 3aMeansIoLLMX CUCTEM,
MCcronbayemblx B Npubopax
MWNIMMETPOBOTO AMANA30HA

83



The journal is included in the list of scientific publi-
cations, recommended Higher Attestation
Commission Russian Ministry of Education for the
publication of scientific works, which reflect the
basic scientific content of candidate and doctoral
theses.

Founder
"Media Publisher", Ltd.

Publisher
Dymkova Svetlana Sergeevna

ds@media-publisher.ru

Editor in Chief
Dr. Valery Tikhvinskiy

Editorial board

Adzhemov Artem S.
Doctor of sciences., Professor MTUCI, Russia

Bugaev Alexander S.
Academician of the RAS, Russia

Buslaev Alexander P.
Doctor of sciences., Professor MTUCI, Russia

Corbett Rowell
Full Professor: Electronic & Electrical Engineering Nazarbayev
University, Hong Kong (China), USA

Golovachyov Julius
Managing Consultant Defecon Intamational GmBH, Germany

Dulkeyts Eric
Ph.D,, chief executive officer of the corporation Detecon, USA

Kirhgessner Yuri
Ph.D,, Director Incotelogylid., United Kingdom

Kuzovkova Tatyana A.
PhD, Dean of the Faculty of Economics MTUCI, Russia

Kyurkchan Alexander G.
Doctor of sciences, Professor MTUCI, Russia

Seilov Shakhmaran Zh.
PhD, President of the Kazakh Academy of Infocomm, Kazakhstan

Sharpe Michael
PhD, vice-president of the European Standards Insfitute — ETS,
United Kingdom

Sysoev Nikolai N.

Docfor of sciences, Dean of the Faculty of Physics of Moscow
State University. Lomonosov, Russia

Waal Albert

Ph.D.,, Senior Research Fellow University of Hanover. Leibniz at the
Department of Communications Technology, Germany
Yashina Marina V.

Doctor of sciences, Professor MTUCI, Russia

Yelizarov Andrey A.
Doctor of sciences., Professor MIEM, HSE, Russia

Zubarev Yuri B.
Ph.D, corresponding member of the Russian Academy of Sciences,

Honored Scientist of Russia, Russia

All artocles and illusirations are copyryght. Al rights reserved.
No reproduction is permitted in whole or part without the express
consent of Media Publisher Joint-Stock Company

© “Media Publisher”, 2016

www.media-publisher.ru

\H

CONTENT

ELECTRONICS. RADIO ENGINEERING

Yastrebtsova O.1.,, Chebychev V.V.
Electrodynamic analysis of the waves
propagating in multilayer structures
of microstrip antennas

w

Gainutdinov T.A,, Kocherzhewskiy V.G.,
Garankina N.I.
The shortened folded monopole

COMMUNICATIONS
9

Zubilevich A.L, Kolesnikov V.A.
Determination tensile force on the fiber

optic cable when laying in a protective
plastic pipe 17

Portnov E.L.

The definition of the broadening

of a gaussian pulse with linear frequency
modulation taking info account the
polarization and chromatic dispersions

COMPUTER SCIENCE

21
Vanina M.F., Erokhin A.G., Frolova E.A.
Application of mathematical models for the
assessment of efficiency of the websites

25

Yakovlev D.A,, Sineva |.S.
Building virtualized system using Intel DPDK
for filtering spoofed network packets

MATHEMATICS

30
Smirnova N.I, Krysanov D.V.
Modeling averaged over the angles
of orientation characteristics of the scattering
of particles of different geometry and
different boundary conditions

36
Deart, Ju.V., Tsym A.Yu.
Full model of diffusion of innovations
as a basis for long-term prediction
of optimal pace of their implementation
4]

Burenin A.N., Legkov K.E.

A systematic approach to structure formation
subsystems monitoring of automated control
systems for the infocommunication

46

Artemieva G.S., Kulikova KN,
Reznikova N.P.

Non-profit organization management
based on information about its value

51

PUBLICATION FOR DISCUSSION

Ovchinnikov LM.

Features of a radar-tracking method
of measurement of speeds

and a relativistic rule of addition

57

Borisova N.A.

Supporting far electric communications —
from telegraph transmissions

to telecommunication satellites 63

Nazarov A.N., Nguyen Xuan Tien,
Tran Minh Hai.

Modeling of information attacks,
and security risk assessment facilities

69

Mamontov A.V., Nefedov V.N.,
Simonov V.P., Chechetkin A.A.

Microwave method of curing of concrete

79

Kravchenko N.P., Mukhin S.V.,
Presnyakov S.A., Kasatkin A.D.
Analysis of the slow-wave structures
used in the millimeter range devices

83



ANALYSIS OF THE SLOW-WAVE STRUCTURES
USED IN THE MILLIMETER RANGE DEVICES

Natalja P. Kravchenko,

National research University "Higher school of Economics"
(HSE), Associate Professor, Candidate of Technical Sciences,
Moscow, Russia, natkrav@inbox.ru

Sergey V. Mukhin,

National research University "Higher school of Economics"
(HSE), Professor, Doctor of Technical Sciences,

Moscow, Russia, mukhin_sergey@yahoo.com

Semyon A. Presnyakoyv,
National research University "Higher school of Economics"

(HSE), student, Moscow, Russia, pressnyak@gmail.com
Keywords: resonator rectangular and axially-

symmetric slow-wave structures, electrodynamic
characteristics, program HFSS, millimeter range,
TWT modeling, discrete approach.

Alexander D. Kasatkin,
National research University "Higher school of Economics"
(HSE), student, Moscow, Russia, sanchezonok@mail.ru

In this paper the slow-wave structures and their models, which are
used for development of the millimeter range devices, are consid-
ered. The travelling-wave tubes (TWTs) of the millimeter range use
rectangular and axially-symmetric resonator slow-wave structures.
Analysis of these slow-wave structures was performed using HFSS
program for 3D-modeling [1]. Dispersion characteristics were calcu-
lated by program outlined in the paper [2]. These characteristics are
used to build the model of the slow-wave structure's cell. The peculi-
arities of the interaction between the electrons and the field in the
TWT with resonator slow-wave structures are determined by the
nature of the field distribution in such structure. The discrete
approach is the most common for solving problems of this type [3].
The difference form of the electrodynamic excitation theory applied
to the description of the discrete interaction is justifying the use of a
mathematical model.

For a description of the TWT with the discrete interaction, in which
the phase of the field in the interaction gaps in the longitudinal
remains constant, the use of the difference equation is electrody-
namically reasonable.

The more precisely defined the coefficients of the finite difference
equations, the more accurate the mathematical model of the dis-
crete interaction becomes. These coefficients have a certain electro-
dynamic meaning and are defined via coefficients of the quadripole
transmission matrix derived from the sextopole if there is no the
exciting current. The accuracy of the restoration of the electrody-
namic characteristics of the modeled resonator slow-wave structures
is determined by the coefficients of the quadripole obtained.
Therefore, the correct selection of these coefficients provides a cor-
rect description of the discrete processes of interaction in travelling-
wave tubes as well as the electrodynamic processes in the slow-wave
structures.
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1. Introduction

The development of the radar, communication, and control
systems in the 8-mm wavelength range puts forward new power
and working bandwidth requirements on the amplifiers charac-
teristics for this range.

Due the overflow of the satellite communication channels
operating in the centimeter wavelength range, there was a transi-
tion of the satellite and other communication systems to a higher
frequencies. The 20...30 GHz frequencies are intended for civil
communication systems, while the 20...44 GHz frequencies are
intended for a military communication systems. This shift to
higher frequencies causes the need for the amplifying devices
such as travelling-wave tubes (TWTs) with the high level of the
output power in this range, more than 1000 W in the frequency
range more than 5...10% to be exact.

When creating a modern and advanced military control sys-
tems of the precision weapons and the radiovision, the combina-
tion of a high power and a wide amplification band of the mi-
crowave amplifier is required. In particular, it is important in the
development of a missile guidance systems with a radar homing
and a goals recognition systems involving the use of the radar
maps and the radio images of the observed objects. The need to
create powerful broadband microwave amplifiers is also caused
by the development needs of the radar weapons systems, for ex-
ample, the airborne radars. Basic requirements for a new per-
spective radar weapon systems are following: the broad fre-
quency band, the use of superresolution signals, the combined
use of a wide set of the probing signals, the solutions of the elec-
tronic warfare problems, the increased range on targets, includ-
ing barely visible ones. The fulfillment of these requirements
with the use of traditional microwave amplifiers is virtually im-
possible to implement, and therefore the problem of searching
for a new ways and methods of their construction rises.

The currently achieved level of output power and the 8-mm
range TWT frequency bandwidth are determined by the selection
of the optimal parameters of used periodic slow-wave structures
(SWSs) of *“chain of coupled resonators™ — type.

The potential of the millimeter range far from being ex-
hausted, as the most of the radars and modern information and
communication systems, including those related to the space
communication, are operating in this range, which in itself
speaks about the prospects of the microwave technology devel-
opment. One of the most important tasks in the development of
new devices and devices operating in the microwave range is the
construction of mathematical and computer models, not only
adequate in relation to the laws of physics and giving the results
corresponding with a real systems, but also being economical in
terms of computational burden.

This paper deals with the widely applied in the amplifying
systems medium power all-metal resonator slow-wave structures
used due to their substantial heat sink. These slow-wave struc-
tures are three-dimensional, so their computer simulation based
on strict electrodynamic laws is extremely demanding on com-
puting power, which makes the problem of constructing the exact
and at the same time simple models for calculating of resonator
slow-wave structures quite urgent.

2. Model of slow-wave structure cell

In the millimeter range traveling-wave tubes the rectangular
and axially-symmetric slow-wave structures (SWSs) presented in
Figures 1 and 2 are used.

Fig. 1. Axially-symmetric resonator slow-wave structure (SWS):
1 —slot channel, 2 — transit channel, r1 — resonator radius

_.-__A: ] : ..,_.O peees

|
|

Fig. 2. Rectangular resonator SWS

The main features of these slow-wave structures are the small
dimensions and the absence of protrusions on the diaphragms.

All-metal resonator slow-wave structures (SWS) are trans-
mission lines obtained by connecting identical cells into a chain.
These cells are coupled by waveguide channels. These channels
can be divided into the input channels S,,', a=1,2,...k and output
channels S,.°, o=1,2,...1. Due to the the periodicity of the investi-
gated slow-wave structures, the distance between the sections S
and S,” equals the period of the slow-wave structure D, and the
number of input channels is equal to the number of output chan-
nels (k=/=N).

The components of the electromagnetic fields at the bounda-
ries of sections S, are connected by the expression:

. »

a, a,

“ ()

G Doy . L
where ', are vectors, which represent a set of complex
. . . 1.2 N - . .
amplitudes in the sections S, ~, A" is matrix linear operator of
the form:

AII AJJ '"AIJN
AN o AA‘.H /x.:: A:\l
A:WA:N:"'AJn:n {2]

Using the operator A™ from (1), it is possible to obtain all
possible operating modes of the considered SWS. If the elements
of the operator AN are known to us, the SWS is completely
formalized, therefore, we can calculate all of its electromagnetic
characteristics [2].

The normal wave field in the volume of the considered cell is
the completely determined by the tangential components of elec-
tromagnetic fields in sections S,"”, which obey the Floquet con-
ditions [2]:

D oot oo ih, 1
H. xy.2)=H_ (xy,z+D)e 3)
B i ,

where h, is propagation constant of the normal wave within n-th
cell having period D. Considering (1), rewrite the expression (3)
relative to the vectors of complex amplitudes as:

E:‘.\-(X.).-.z)zﬁr (x.)'.?."“[J )e

T-Comm Tom 10. #8-2016




a4 a,

o [l e *e-ih,,D
b, b
2 A h )
Taking into account (4), we remove 92 and b, from (1) and
get:
4 || a
AN —— | *el.hI)
b b, (5)

This equation (5) is an algebraic formulation of the problem
of the considered SWS eigenwaves, the cells of this SWS are
represented by 2N-pole described by the operator A .

For this system, there is a nontrivial solution in the case of
the fulfillment of the condition [2]:

det(AN v ANE) = 0, (6)

where AN = exp(-ih,D) are eigenvalues of the matrix AN allowing
to obtain the values of propagation constants h, of 2N-pole,
which is a model of the slow-wave structure cell; E — the identity
matrix. As shown in [2], the condition (6) is the dispersion equa-
tion of the 2N-pole normal waves, from which we can derive an
equation of the form ¢ = f{®) taking into account dependence of
the elements of the matrix operator A" from frequency .

For a description of the SWS cell the AN operators of
different types can be used depending on the number of
transmission channels of microwave energy [2]. The simplest
option corresponds to the slow-wave structure without transit
channel (Figure 3, Figure 4), described by the quadripole (7).

Fig. 4. Cell of axially-
symmetric SWS
(cut by interaction gaps)

Fig. 3. Cell of SWS with a rectangular
cross section (cut by interaction gaps)

In this case, the slow-wave structure cell is described by the
quadripole:
All_’{u A]! - =0
Az: Azz -4

(7

This slow-wave structure will be characterized by the two
(complex conjugate) propagation constants of the forward and
the backward waves and their impedances (Figures 5-8).

In case of the slow-wave structures used in the millimeter de-
vices, the rectangular and axially-symmetric resonator slow-
wave structures with the transit channel described by octopoles
are used. Such slow-wave structures are shown in Figures 9, 10.

T-Comm Vol.10. #8-2016
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Fig. 5. Slowing factor in the rectangular SWS
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Fig. 6. Impedance of the rectangular SWS
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Fig. 7. Slowing factor in the axially-symmetric SWS
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MYBJIMKALUMM HA AHTTIMIACKOM $3bIKE

Fig. 10. Axially-symmetric SWS

Fig. 9. Rectangular SWS cell with
cell with the transit channel

the transit channel

The slow-wave structure cell in this case is modeled by the
octopole. The eigenvalues of the octopole define four decisions
(modes), the first two of which (the complex conjugate) corre-
spond to the forward and backward waves propagating in the
SWS. The second two correspond to the resonant modes. The
characteristic impedances are determined by the eigenvectors of
the octopole transmission. The results of the dispersion
characteristics calculation with two microwave energy
transmission channels are shown in Figures 11-16.
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Fig. 11. Dispersion characteristics of the millimeter range rectangular
SWS of “chain of coupled resonators”-type

2x10 ; :
2000
1.5x10° -
R,
=
ZZRij l>c:|.03 1
zz1y
sooT -
0
L L
bs 1 15 2
05 N 2

Fig. 12. Slot channel’s characteristic impedance of the millimeter range
rectangular SWS of “chain of coupled resonators™-type
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Fig. 13. Transit channel’s characteristic impedance of the millimeter
range rectangular SWS of “chain of coupled resonators™-type
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Fig. 14. Dispersion characteristics of the millimeter range axially-
symmetric SWS of “chain of coupled resonators”-type
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Fig. 16. Transit channel’s characteristic impedance of the millimeter
range axially-symmetric SWS of “chain of coupled resonators”-type

As seen from the calculation results, the introduction of even
small radius transit channel (r=0.05mm) affects the position of
the passbands and attenuation bands as well as the characteristic
impedance of the SWS’s microwave energy transmission chan-
nels. Thus, when designing the millimeter range devices the
SWS models with transit channel should be used.

3. Modeling of the TWT section excited by current

The interaction of electrons with the electromagnetic wave in
traveling-wave tubes is determined by the field distribution in the
SWS. Due to the fact that the field amplitudes vary from maxi-
mum in the interaction gap to minimum in the transit channel,
the electron beam actually interacts with the field in a limited
area discretely. The discrete approach to problems of this type is
the most common.

Studies carried out in the work [3] showed that using formal
transformations the known equations of excitation are reduced to
the finite difference equations of two types:

Vi = (A + AV, + Vo =[(ApAy + AnAy )= (A, +Ap) Ay ], +

+A5; (Jn—l F: -ln~| )_ [AJI (Aquz o AzsAiz ) —Ay (A|3A21 = AzsAn ):I‘ln-l
(8)

Vit —(All + Az:)vk + Vi =—Ay), ®

The coefficients of these equations can be expressed through
the transmission matrix coefficients of the sextopole modeling
the resonator SWS cell excited by current. To justify the choice
of a mathematical model used for describing the process of
discrete interaction the difference form of the electrodynamic
excitation theory will be used [4].

For a description of the TWT with discrete interaction in
which the phase of the field in the interaction gaps in the longi-
tudinal direction remains constant the use of a differential equa-
tion (9)is electrodynamically justified. This equation corresponds
to sextopole, in which the inputs of the excitation by current and
the inputs of the excitation by field are combined. In this case,
the TWT section excited by a given current is modeled by the
chain of the sextopoles derived from the octopoles when the mi-
crowave energy transmission channels are combined (Figure 17),
which makes it easy to take into account the boundary conditions

T-Comm Vol.10. #8-2016

at the ends of the section, as well as the reflections arising from
the merging in the section of the non-identical cells. The oc-
topoles are obtained by the 3D-modeling of the slow-wave struc-
tures cells distinguished by the interaction gaps (Figures 9, 10).

The more precisely defined the coefficients of the finite
difference equations, the more accurate the mathematical model
of the discrete interaction becomes. These coefficients have a
certain electrodynamic sense and are calculated through the
transmission matrix coefficients of the quadripole derived from
the sextopole provided that there is no exciting current. In turn,
this quadripole is the mathematical model of the resonator slow-
wave structure cell. The restoration accuracy of the modeled
resonator SWS’s electrodynamic characteristics is determined by
the coefficients of the obtained quadripole. Therefore, the correct
selection of these coefficients provides the correct description of
the discrete interaction in traveling-wave tubes and electro-
dynamic processes in the slow-wave structures [5].

% Y3  §
J . J
= A.\ ——
9 AN ! AN : : AN 2
I =
J J J J J

Fig. 17. Model of the TWT section

4. Conclusion

On the Figures 11-16 the dispersion characteristics of the mil-
limeter range slow-wave structure of *“chain of coupled resona-
tors”-type with the transit channel (r = 0.05mm) are shown. It is
easy to see that even such a small aperture has an impact on the
dispersion characteristics, in particular on the characteristic im-
pedance. This effect increases with the transit channel radius.
Thus, the correct calculation of the dispersion characteristics will
enable a more targeted selection of parameters and characteris-
tics when designing the millimeter range traveling-wave tubes,
built on the basis of these slow-wave structures.
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AHHOTaUuA

PaccmaTpuatoTca 3aMeanstoLyme CUCTEMbI M UX MOAENW, KOTOPbIE UCMONb3YIOTCA NPU NPOEKTUPOBaHUM NMPpMOOPOB MUIMME-
TPOBOro AuanasoHa. B namnax Geryluei BOMHbI MUIIMMETPOBOrO AWanasoHa UCMOMb3YIOTCA MPAMOYTOSibHbIE U aKCMaslbHO-
CUMMETpUYHble pe3oHaTopHble 3aMegnatowme cucteMsbl (3C). AHanus aTMX 3aMeAsIAIOLLMX CUCTEM MPOBOAMUIICA C UCMONb30-
BaHueM 3D mMopenupoBanua no nporpamme HFSS [I]. JucnepcroHHble XapaKTEpUCTUKM pacCHUTbIBAINCHL MO MPOrpaMMe, U3-
noxeHHoi B [2]. MMony4eHHble B pe3ynbTaTe pacyeTa XapaKTEPUCTUKN UCMOMb3YIOTCA AJ1A MOCTPOEHUA MOZENN AYEiKN 3aMes-
naowein cuctembl. OcobeHHOCTU B3aMMOAeNCcTBUA 3N1eKTPOHOB 1 nons B J1BB ¢ pesoHaTopHbIMM 3aMeanAoLIMMM cMcTeMaMm
OnpefenAloTCA XapakTepoM pacnpejeneHus nosei B Takon cucteme. Hanbonee obuyM npu pellieHnn 3aaa4y JaHHOMO TMna
ABNAETCA ANCKPeTHbIN noaxopa [3]. IMpu onucaHum AncKpeTHOro B3aMMOAEHCTBUA NMPUMEHEHUE Pa3HOCTHOW (hOPMbI SN1EKTPO-
AVHaMUYecKol Teopuu Bo3byxaeHua [4] no3sonseT caenatb BbIOGOp MEXAY TOWM UM MHOW MaTeMaTUYECKOW MOAENbIO.

[na onucanuna J1BB c AnckpeTHbIM B3aMMOAENCTBUEM, B KOTOPbIX pasa Nnosa B 3a30pax B3aMMOAENCTBUA B NPOAOISIbLHOM Ha-
MpaB/eHNN OCTAETCA NMOCTOAHHOM, SNEKTPOAUHAMUYECKUM ODOCHOBaHHbIM ABMAETCA UCMOJIb30OBaHWE PA3HOCTHOrO yPaBHEHUA.

YeM ToYHee 3aaaHbl KO3PPULMEHTbI KOHEYHO-PA3HOCTHOIO ypaBHEHUsA, TeM Bonee afeKBaTHOW CTAaHOBUTCA U MaTeMaTU4ec-
Kaa MoAenb JUCKPETHOrO B3auMoAencTBUA. DTN Ko3pPULMEHTbI 0OnaatoT onpeaeneHHbIM 31EKTPOANHAMUYECKUM CMbICTIOM
¥ 3apatoTcA Yepe3 Ko ULIMEHTbI MaTpULIbl MEpesadn YeTbIPEXMONMIOCHUKA, MOJTyHaeMOro U3 LIECTUMOJIFOCHUKA MPU YCIOBUM,
4TO BO3OYMJatoLero Toka HeT. [laHHbIN YeTbIPEXMOMIOCHUK, B CBOIO O4Yepesb, ABMNAETCA MaTeMaTUHeCKON MOAENbIO A4ENKM
PE30HaTOPHOW 3aMeNIAIOLLEN CUCTEMbI. TOYHOCTb BOCCTAaHOBJIEHUA 3JIEKTPOAMHAMUYECKMX XapaKTEPUCTUK MOZENIUpYeMOoii
pesoHatopHoit 3C onpeaensetca Ko3phULMEHTaMU MONMyYEHHOro YeTblpéxnontocHuka. CneposaTtenbHo, BepHbIn noabop
JaHHbIX KO3(dPULMEHTOB obecneyvBaeT MpaBUIbHOE OMUCAHWE WU MPOLIECCOB AUCKPETHOrO B3aWMOZEMCTBMA B JlaMmax
GeryLuei BOMHbI, U 3NeKTpoAMHaMMyeckux npoueccos B 3C.

Knioueebie cnoea: pe3aoHamopHble NpsAMOy20/ibHble U AKCUASIbHO-CUMMEMPUYHbIE 3amedNiAowUe CUCMEMbI, 3/1eKmPodUHAMUYeCKUe
xapakmepucmuku, npoepamma HFSS, munnumemposbliii duanazoH, modesnuposarue J1bB, duckpemHsbliii nodxo0.
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